Hydrazinolysis of carboxylic acid esters in alcoholic solutions is the standard method for preparing carbohydrazides (carboxylic hydrazides). Here we report an efficient process, involving the reaction of activated esters or amides with hydrazine, for the preparation of thiophenecarbohydrazides in yields larger than 90 % and high purity. With this new method, a series of heteroaryl-, aryl-, or aralkyl-substituted carbohydrazides were synthesized and characterized. The X-ray crystal structure of 2-thiophenecarbohydrazide (thiophene-2-carboxylic hydrazide, 2-thenoyl-hydrazine) has revealed that it crystallizes in the monoclinic system, space group P2 1 /c, with cell parameters of a = 6.1202(2), b = 8.3907(3), c = 12.5332(5)Å, β = 98.6577(11) • , Z = 4, R(F) = 0.0455 and wR(F 2 ) = 0.1805, T = 293 K.
Introduction
In the synthesis of organic and natural products, it is often required to introduce a carbohydrazide group into molecules. Hydrazides have received special interest due to their potential applications as building blocks in the syntheses of, e. g., hydrazones, Schiff bases, and coordination compounds [1] .
To date, a variety of procedures have been developed to prepare carbohydrazides. A basic method involves the preparation of acyl anhydrides and acid chlorides which subsequently react rapidly with hydrazine to give the corresponding carbohydrazides [2] . However, acid chlorides and anhydrides are so reactive that it is difficult to stop the reaction at the end of the monoacylation step. The standard method to prepare carbohydrazides is the hydrazinolysis of the corresponding esters [3] which has a requirement of preparing esters from corresponding acids. Esters seldom produce significant amounts of diacylhydrazine, but less reactive esters may require inconveniently longer reaction times and/or harsh reaction conditions. The use of inclusion complexes of hydroquinone and hydrazine in solid-state hydrazinolysis of esters has also been reported [4] . Other alternative methods for the direct c 2011 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com preparation of carbohydrazides from acids are inefficient, and few examples have been reported for this synthesis under microwave irradiation or via activated esters formed by catalytic coupling reagents [5 -7] . So the development of a facile and efficient method to prepare carbohydrazides from their corresponding carboxylic acids is a valuable task.
Among the hydrazides, 2-thenohydrazides have attracted considerable attention due to the biological activity of the 2-thiophene moiety which has been widely recognized and practically applied in several drugs [8 -10] , herbicides [11] and fungicides [12, 13] . Thiophenecarboxylic hydrazides were tested for antituberculous activity [14] and found to show β -adrenergic blocking activities [15] . Furthermore, 2-thiophenecarboxylic hydrazide (2-thiophenecarbohydrazide, 2-thenoyl-hydrazine) is a known ligand in transition metal complexes. The compound coordinates with the carbonyl oxygen atom and the NH 2 nitrogen atom forming five-membered metal-chelate rings with manganese, cobalt, nickel, copper [16] , zinc [16, 17] , cadmium [16, 18] , palladium [19] , and ruthenium [20] .
Therefore, we considered to investigate the reactivity of carbodiimides with ester and/or amide functionality towards hydrazinolysis. We describe herein
an efficient procedure for the direct conversion of 2-thiophenecarboxylic acid derivatives into hydrazides in excellent yields under mild conditions through i) the preparation of activated 2-thiophencarboxylate esters and/or amides using 1-hydroxybenzotriazole (HOBt) and dicyclohexylcarbodiimide (DCCI) and ii) the treatment of these activated esters or mixed anhydrides with hydrazine. Also, the crystal structure of 2-thiophenecarbohydrazide is reported.
Results and Discussion
Synthesis of the target compounds 2-thiophenecarboxylic acid hydrazide and 5-bromo-2-thiophenecarboxylic acid hydrazide (5) was achieved in three steps using inexpensive commercially available materials. The first step involved formation of unstable N, Ndicyclohexylcarbamidic thiophene-2-carboxylic anhydride (2, O-acyl isourea) through addition of 2-thiophenecarboxylic acid derivatives (1) to DCCI. Compound 2 may undergo rearrangement forming 1,3-dicyclohexyl-1-(thiophene-2-carbonyl)urea (4, N-acylurea) or become activated with hydroxybenzotriazole (HOBt) to give 1-H-benzo[d][1,2,3]triazol-1-yl thiophene-2-carboxylate (3, activated or active ester). Subsequent hydrazinolysis of N-acylurea 4 or the active ester 3 afforded the corresponding hydrazides according to Scheme 1.
Hydrazides 7a -g were also synthesized by treating N-acylurea with aryl, heteroaryl, substituted aryl Scheme 2. Synthesis of substituted hydrazides.
and aralkyl groups 6a -g with hydrazine hydrate (Scheme 2).
The molecular structure of 2-thiophenecarboxylic hydrazide 5a has been determined (Fig. 1) . The molecule is rather planar with torsion angles of the cisoriented atoms being less than 10
• . The packing is controlled by N-H···N and N-H··· O hydrogen bonding (Fig. 2) including pairs of molecules related by a center of symmetry with N1-H2···N2 hydrogen bonds in R 2 2 (6) rings (Fig. 2 ) and a C(4) chain graph-set motif along ··· O=C-N1-N2-H··· O [21] .
Conclusion
An efficient one-pot conversion of 2-thiophenecarboxylic acids and heterocyclic aryl, or aralkyl analogs (18) 
into the corresponding hydrazides in good to excellent yields under mild conditions involves hydrazinolysis of the intermediate N-acyldicyclohexyurea derivatives. In the crystal structure of (2-thenoyl) hydrazine, molecules are associated into a 3D framework by a combination of N-H···N and three-center N-H···O hydrogen bonds.
Experimental Section
Melting points were determined in open capillaries with a Laboratory Devices mel-temp II apparatus and are uncorrected. All chemicals were of analytical reagent grade and were used without further purification. 2-thiophenecarboxylic acid was obtained from ABCR, 1-hydroxybenzotriazole (HOBt) and dicyclohexylcarbodiimide (DCCI) from Sigma, and hydrazine hydrate from Fluka. 5-Bromonitrothiophene-2-carboxylic acid was prepared by a reported method [22] . Elemental analyses were carried out on a Vario EL instrument from Elementaranalysensysteme GmbH. IR spectra were recorded on a Nicolet Magna-IR 760 Fouriertransform spectrometer equipped with a diamond-ATR unit (ATR = attenuated total reflection). The 1 H (200 MHz) and 13 6 ]DMSO was deoxygenated prior to use. High-resolution mass spectra were taken as EI-and CI-MS using a Thermo-Finnigan TSQ 700 Mass spectrometer at 70 eV, with NH 3 as ionization gas for CI (chemical ionization). Peaks reported are for the major isotopes 12 C and 79 Br. The purities of the synthesized compounds were checked by thin-layer chromatography (TLC) conducted on Merck silica using the solvent system chloroform-methanol (95 : 5, v : v).
General procedures for the preparation of 1,3-dicyclohexyl-1-(thiophene-2-carbonyl)urea derivatives 4a and 4b
To a solution of 2-thiophencarboxylic acid derivatives 1 (10.0 mmol) in CH 2 Cl 2 (40 mL), was added DCCI (2.81 g, 10.0 mmol) in portions with stirring over a period of 20 min. Then the reaction mixture was refluxed for 24 h (reaction progress was checked by TLC). After the removal of the solvent under reduced pressure, the residue was dissolved in ethyl acetate (100 mL), filtered and washed with 1 mol L −1 Na 2 CO 3 solution (2 × 20 mL) (to remove the unreacted thiophenecarboxylic acid derivatives), with saturated NaCl solution and finally with water (2 × 20 mL). Then the organic layer was dried over MgSO 4 . The solvent was evaporated under reduced pressure, and the isolated solid was recrystallized from hot ethanol to yield crystals of urea derivatives 4a and 4b. 
General procedures for the preparation of 2-thiophenecarboxylic acid hydrazides 5a and 5b

Method A: From 2-thiophenecarboxylic acid derivatives 1 through 2 and 3
The 2-thiophenecarboxylic acid derivatives 1 (40.0 mmol) were dissolved or suspended in CH 3 CN (80 mL) at r. t. DCCI (9.94 g, 48 mmol) was added in one portion followed by HOBt (6.48 g, 48 mmol). The mixture was stirred at r. t., and the reaction progress was monitored by TLC until all of the acid was converted to the activated ester/amide mixture. A solution of hydrazine monohydrate (3.87 mL, 80 mmol) in CH 3 CN (40 mL) was then slowly added to the resulting mixture while the temperature was maintained at 0 • C. After complete addition, the reaction mixture was stirred at 0 • C for another 1 h, at 5 • C for 1 h and finally at room temperature for 3 h. The precipitated dicyclohexylurea (DCU) was removed by filtration and the filtrate allowed to stand at 0 • C overnight. Then it was filtered again from the residual DCU. The filtrate was then diluted with water (40 mL), and the aqueous CH 3 CN mixture was extracted with EtOAc. The organic layer was washed with saturated NaCl solution (2 × 25 mL), then with 5 % NaHCO 3 in 3 % NaCl solution (2 × 25 mL) to remove HOBt, and finally dried over anhydrous Na 2 SO 4 . Removal of the solvents under reduced pressure yielded the hydrazides 5a and 5b. The products were crystallized by dissolving the crude material in hot ethanol solution, filtering and slow cooling to r. t. with subsequent evaporation. 
Method B: From N,N'-acylurea derivatives 4a and 4b
To a solution of the appropriate urea derivatives 4a or 4b (10 mmol) in CH 3 CN (50 mL), a solution of hydrazine monohydrate (0.58 mL, 12 mmol) in CH 3 CN (5 mL) was added dropwise at 0 -5 • C. Then, the temperature of the reaction mixture was gradually raised to r. t., and the mixture was stirred at this temperature for about 6 h. The precipitated dicyclohexylurea (DCU) was removed by filtration, the filtrate was kept at 0 • C overnight and re-filtered to remove residual DCU. After CH 3 CN had been evaporated under reduced pressure, the residue was dissolved in ethyl acetate (150 mL). The organic layer was washed with saturated Table 2 . Physical and spectral data for carboxylic acid hydrazides 7a -g. [39] aqueous Na 2 CO 3 (3 × 25 mL) and water (3 × 25 mL), dried over anhydrous MgSO 4 , and evaporated to give a crude product 5, which was recrystallized from ethanol. 
General procedures for the preparation of 1,3-dicyclohexyl-1-(heteroaryl/aryl/aralkyl-2-carbonyl)urea derivatives 6a -g
N-Acylurea derivatives 6a -g were prepared from the heteroaryl/aryl/aralkyl carboxylic acids as described for 4a and 4b and recrystallized from an appropriate solvent as shown in Table 1 .
General procedures for preparation of substituted carbohydrazides 7a -g
These compounds were obtained from the corresponding carboxylic acids either via the activation of the carboxyl group with HOBt/DCCI according to method A in the synthesis of 5a and 5b or by conversion into N-acylurea derivatives 6a -g followed by hydrayzinolysis using the same procedure (method B) as described for the synthesis of thiophenecarbohydrazides. The obtained hydrazides were characterized by their EA, IR and 1 H NMR data (Table 2) .
X-Ray structure determination
A crystal of 2-thiophenecarbohydrazide was selected under a polarizing microscope. Data collection: Rigaku R-axis Spider Image plate detector diffractometer, MoK α radiation (λ = 0.71073Å), graphite monochromator, r. t., double-pass method ω scan; data collection, cell refinement and data reduction with CRYSTALCLEAR [25] , empirical (multi-scan) absorption correction with ABSCOR [26] . Structural Analysis and Refinement: The structure was solved by Direct Methods (SHELXS [27] ), refinement was carried out by full-matrix least-squares on F 2 using SHELXL [27] ; all non-hydrogen positions were refined with anisotropic temperature factors; hydrogen atoms for aromatic CH groups were positioned geometrically (C-H = 0.93Å) and refined using a riding model, with U iso (H) = 1.2 U eq (C); H atoms at the nitrogen atoms were found and refined with U iso (H) = 1.2 U eq (N). Graphics were drawn with DIAMOND [28] . Computations on the supramolecular interactions were carried out with PLATON for Windows [29] . Crystal data and details on the structure refinements are given in Table 3 . CCDC 851335 contains the supplementary crystallographic data for this paper. These data can be obtained free of charge from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data request/cif.
